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SUMMARY 

A method is presented for calculating the local buckling 
strength of lipped Z—columns with small lip width, and some experi- 
mental data are presented showing the agreement between theoretical 
and experimental results. 

INTRODUCTION 

For the construction of stiffened compression panels, Z-section 
stiffene.rs are frequently used, i'or the calculation of the local 
"buckling strength of these compression panels,, a method employing 
some of the principles of moment distribution is in common use. The 
critical stresses calculated by this method agree well with experi- 
mental critical stresses for most dimension ratios. If, however, 
the flange width is very small as compared to the web width, thi3 
method breaks down and the experimental critical stresses fall below 
the theoretical values. As a consequence, a different theory must 
be developed to cover these proportions. 

Figure 1 shows a Z—stiffened panel. One stiffener can be 
reversed, as indicated in the figure, without affecting the local 
buckling strength of the panel. If this stiflener is reversed, a 
section similar to a lipped Z—column is obtained. Since the physical 
action of the lipped Z-column is similar to action of the "-stiffened 
panel and the cost of the lipped Z-colv.mn specimens is less than that 
of Z—stiffened panels^ tests were made of lipped Z-columns in order 
that the theory presented herein may be reasonably substantiated 
before it is applied to Z—stiffened panels with narrow flanges. 
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SYMBOIS 

Cgrp     torsion-bending constant, dependent upon location of axis 
of rotation and dimensions of cross section, inches" 

CJJ major pai-t of C-Q^ 

CIJ. minor part of C-grp 

D       flexural stiffness of plate Et3 

12(1- u2) 

E       modulus of elasticity, ksi 

G       shear modulus of elasticity, ksi 

Ip      polar moment of inertia of lip—flange cross section about 
axis of rotation, inches^ 

J       torsion constant for lip-flange section, inches4, 

(Product GJ in torsion problems is analogous to 
product El in bending problems) 

S1 stiffness in moment distribution analysis for far edge 
supported and subjected to sinusoidally distributed 
moment equal and opposite to moment applied at near 
edge 

Sv      stiffness in moment distribution analysis for far edge 
not supported but elastically restrained against 
rotation and deflection 

ky nondimensional coefficient used in plate—buckling formula 

b^ width of lip, inches 

bjp width of flange, inches 

by width of web, inches 

t       thickness of plate, inches 

a critical compressive stress, ksi 
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half wave length of buckles in longitudinal direction, 
inches 

nondimensional coefficient for plates which accounts for 
decrease of modulus beyond elastic range; it also is 
influenced "by slight discrepancies "between actual 
specimen tested and idealized specimen for which 
calculated strength is made 

nondimensional coefficient for columns corresponding 
to T> for plates 

Subscript B: 

F flange 

L lip 

W web 

THE0I3- 

Observations of tests of lipped Z-columns show that one type of 
buckling occurs when the lip width is large and another type when the 
lip width is very small. Figure 2 shows the two types of buckling. 
When the lip width is large there is only rotation of all the Joints. 
When the lip width is very small, however, there is a combination of 
rotation of all the joints and deflection of the lip-flange joints. 
Since in the method of moment distribution, the assumption is made 
that no deflection of the joints occurs, it is apparent that the 
method is not applicable when the lip width is small. A method of 
solution must consequently be used which takes into account deflection 
as well as rotation of the joints. 

The present method for small lip widths considers the lipped 
Z--column as consisting of three structural units - the web and a pair 
of lip-flange combinations. The lip-flange joint is thus allowed to 
deflect as well as to rotate. The buckling load is then obtained 
from the criterion that the sum of the stiffnesses of the two plates 
joined along a common edge must be zero: 

° web + ° flange ~ ° IJJ 



KACA-TN.No. 1335 

This criterion is identical with the neutral-stability criterion of 
reference 1. 

ASSUMPTIONS 

For the calculation of the local "buckling strength of the 
lipped Z,~column with small lip width the following assumptions 
were made: 

(.1) The actual cross section, which may have rounded corners, 
can he replaced by an idealized ci-oss—section as shown 
in figure 1 

(2) The lip-flange combination rotates about an axis which is 
the intersection of the flange and web of the column 

(3) All the assumptions of the torsion--bending theory 
associated with the tors ion-bending constant Cgip 

(references 2 and 3) are used 

(k)  The types of deformation shown in figures 2(a) and 2(b) 
occur independently of each other since they are of 
appreciably different wave lengths 

An additional assumption is necessary when the buckling stresses 
are in the plastic range: 

•(;?) The plastic effects are approximately accounted for by 
using valr.es or r>. and T given in references h  to 9 

KL3TH0D Of SOLUTION 

For a solution of the problem of determining local "budding 
strength, the lipped 7, -column is considered as three structural 
unite •- tho web and a pair of lip-flange combinations. The stiff- 
nesses of all three structural units at the intersections of the web 
and flanges o.re  computed for several assumed values of wave length 
and buckling stress.   With those stiffnesses known, tho criterion 
of aero total stiffness at the two common intersections (equation (1)) 
can be applied. Thus, by a system of trial calculations and inter- 
polations, the critical buckling stress of the plate assembly 
is obtained. 
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Stiffness of the Web 

Since the two lip-flange combinations are similar, the web is 
a plate with the far edge supported and subjected to sinuscidally 
distributed moments equal and opposite to the moments applied at the 

near edge. The stiffness of the web SIV can therefore be obtained 
from the stiffness tables of reference 10. 

Stiffness of the Lip--Flange Combination 

For the stiffness of the lip-flange combination, two types cf 
stiffness must be considered: (l) the stiffness against cross- 
sectional deformation (±1Q.  2(a)) and (?) the stiffness against 
lateral deflections of the lips (fig. 2(b)). Inasmuch as the wave 
lengths of these two types of deformation are appreciably different, 
the deformations are assumed to occur independently of each other as 
already mentioned in the list of assumptions. It is therefore 
necessary to use only that type of stiffness ior the lip-flange 
combination in the equation (l) which gives the lower critical stress, 

The first type of stiffness - that is, stiffness against cross- 
sectional deformation — can bo calculated by the method of moment 
distribution among the plate elements in which no deflection of the 
joints is assumed. 

- The second type cf stiffness - that ic, stiffness against 
lateral deflections of the lins - can be ca3.culated from the formula 

0 flange= " —~t Vacr ~ ~   ~ T 7?—/ (2) 

which is taken from reference 11. The coefficients x\    and T 

take into account the reduction of Young's modulus E when the 
material of the column is .loaded beyond the elastic range. Values 
of TJ and T can be obtained for assumed values of critical stress 
from the curves for various aircraft structural materials given in 
references k  to 9. The coefficient C-$y    consists of a major part 

Cg and a minor part C<£ (reference 2 or 3)» For the case of the 

lipped Zr-column with a definite lip, the minor part, 

CT = JgbF3tF3 -:- ^hL3tL3 

is small as compared with the major part C-g and can be neglected. 
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A lower limit for the major part   CB    can "be calculated "by assuming 

the lip-flange combination free to slide along the web,  for which 
case the formula,  as derived by the methods of reference 3J  is 

CT, = ^bT>F2tT / 5lLiE  I (3) 
'B  = "I2"DLJUF   bL 

1 * 5* r 

An upper limit for Cg may be calculated by assuming the lip-flange 

combination fixed in the longitudinal direction at the intersection 
with the web. For th:'s case, the method of reference 3 must be 
changed to make tho longitudinal displacements of the flange zero. 
The following equation is then obtained: 

C3 =^LVtL (2;) 

The two formulas (3) and (*:-) represent the limiting cases for 
Cg, that is, the flange-web joint free to slide and the flange-web 

joint fixed. The true condition will bo an intermediate value. 
Since there is but little difference in the critical stresses calcu- 
lated by the use of the two coefficients (formulas (3) and ('})) and 
since formula (5) gives the more conservative values, it is 
recommended for use. 

Numerical Example 

An example is given in the appendix to demonstrate the appli- 
cation of this method. The local buckling strength is calculated 

for lipped Z-column of -•- ~ 0.7,    r^ £ 0,3, and -&-Z  29 for each 
by       bp t 

type of deformation shown in .fig-ares 2(a) and 2(b). 

COMPARISON BETWESN THEORETICAL AND 

EXPERIMENTAL CRITICAL STRESSES 

A comparison between theoretical and experimental critical 
stresses is shown in figure 3. The theoretical values calculated by 
the method of moment distribution are shown as the dotted line. 
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The theoretical values calculated "by the method of the present 
paper by use of the limiting assumptions for Cg are shown as the 
two solid lines. These two curves "bracket most of the experimental 
values obtained from plate-buckling tests of formed lipped Z-columns 
of 2te-T sheet material as shown by the circled test points. From 
this figure, it is concluded that theoretical critical stresses 
that agree well with experimental critical stresses can be calculated 
for all lip widths. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. Apr.il 17, I9J+7 
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APPENDIX 

MJMESICAL EXAMPLE 

It is desired to calculate the local budding strength of a 
lipped Z-column, i'ormed from 2l;S-T sheet material, of the following 
dimensions: 

"L = O.71 inch 

b-p = 2,52 inches 

Ify = 3.62 inches 

t =0.126 inch 

With these dimensions known, the values of 1^, J, and Cg are 
calculated 

*p =(-^F3 + ~*L3 + ^LhF
2V = 1.2555 inched 

J = l(bL + bj^t
3 = O.OO215U inches^ 

3 ^> 

CB = j^b^b^t { ^ j - 0.0807 inches6 

The approximate equation for J is obtained from page 2U3 of 
reference 12, 

The numerical computations are given in table I. The values 
in columns 1 and 2 are assumed. The values of column 3 which aro 
trial elastic buckling stresses are calculated from the formula 

•Hji = HJ -& (Al) 
bw

2t 
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With these trial elastic buckling stresses known, the values of 
column k,  which are trial buckling stresses, can be obtained from 
reference ~k.    With column h  known, the values of t\    and r, 
(columns 5 and 6) can be obtained from references k  and 7* respec- 
tively. It will be noted that r    is taken for extruded material. 
It is considered that formed columns of the proportions of this 
specimen have material properties nearer to those of extruded 
material than to those of thin strip material since forming tends 
to increase the yield strength. 

Column 7, which gives values for the stiffness of the lip- 
flange combination, is calculated by formula (2). The stiffness 
coefficients for the web, column 6, are obtained from reference 10. 
The values of column 9 are the stiffnesses of the web at either edge, 
and column 10 is the total stiffness of all the members intersecting 
at one edge of the web. 

By graphical interpolation for each assumed value of »~- 

(column 1), the value of \T    is obtained for which the total 
stiffness of the joint considered is zero. These values of ky are 
shown in column 11, Also by graphical interpolation the minimum 
value of ky is obtained. Figure k  shows this interpolation for the 
minimum value of ky. With this minimum value of ky = 3.99 and 
equation (Al), the elastic buckling.stress is calculated as 

and from reference h 

H2£ » 1+6.7 ksi 

ccr = 39.0 ksi 

The foregoing example was computed by use of the stiffness 
against lateral deflections of the lips. It is also necessary to 
consider the stiffness against cross—sectional deformation. This 
stiffness is considered when the method of moment distribution among 
the plate elements is used and no deflection of the joined edges is 
assumed. The computations are not included herein since the method 
is already in general use (reference 1). The relationship 

between o'er and --•— of reference k  is used to account for the 
n 

plasticity effects. The critical stress calculated by the method of 
moment distibution is 

crcr = ij-5.0 ksi 

Of the two types of buckling considered, the type occurring at 
the lower stress (39.0 ksi) is the type to be expected. 
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TABLE I 

ILLUSTBATIOH OF COMFOTATIOIE FOE 

NUMERICAL EXAMPLE 

1 2 3 4 5 6 7 8 9 10 11 

*W 
for 

1 
"or 

(inference 4) 

1 

(referenoe 4) 

T 

(reference 7) 

Sv 

(equation (2)) (reference 10); 

SCT sW* *w 

5.00 3.50 41.0 35-7 0.87 O.76 -0.132 0.476 0.224 0.092 

4.00 46.9 39.0 .83 .62 -.194 .468 .210 .016 

't.50 52.7 42.0 .80 .48 -.252 .459 .199 -.053 4.12 

4.50 3.50 41.0 35.7 .87 .76 - .120 .466 .220 .100 

4.00 46.9 39.0 .83 .62 -.203 .454 .205 .002 

4.50 52.7 42.0 .80 .48 .283 .442 .191 -.052 4.01 

If.00 3.50 41.0 35-7 .87 O.76 -.076 .456 .215 .139 

4.00 46.9 39.0 • 83 0,62 -.195 ,440 .198 .003 

4.50 52.7 42.0 .80 0.48 -.309 .424 .183 -.126 4.00 

3.00 3.50 41.0 35.7 .87 O.76 -367 .436 .205 .572 

4.00 46.9 39.0 .83 0.62 .060 .412 .185 .246 

4.50 52.7 42.0 ,8o 0.48 -.232 • 307 .168 -.064 4.38 

NATIONAL AOTISOHr 

COMMITTEE FOE AEEOHAUTICS 
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Figure 1.-   Similarity of   Z- stiffened panel and lipped Z-column. 
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